The integument of Tegenaria atrica consists of two chitinous layers, an outer exocuticula and an inner endocuticula. The former is impregnated with protein and pigment and may be birefringent. Its thickness and development of birefringence is related to the hardness of each region.
The exocuticula is formed before, and the endocuticula after, the moult. The hypodermis appears to secrete the chitin of both layers. The substances impregnating the exocuticula are probably brought to it by granular blood cells. These granulocytes remain in the hypodermis after the moult.
The granulocytes responsible for the exocuticular secretion at the last moult migrate on to the old integument as this separates from the hypodermis at the next one. An ecdysial fluid is present and is absorbed by the time of the actual moult but very little digestion of the old integument occurs.
The chromatin of the hypodermal nuclei increases in amount up to the beginning of the secretion of the new integument. I t then sharply decreases until after the moult, when the cycle is resumed.
There are three types of blood cell-granulocytes, leucocytes, and leberidocytes. The latter have a single large vacuole and are formed from the leucocytes. They only appear in relation to the moult, forming 65 % of the total blood cells immediately after it.
The digestive diverticula secrete a fluid which fills most of the alimentary canal at the time of the moult.
The above results are discussed. There is evidence th at the relative hardness of the exo cuticula is due to both impregnation with proteins and phenols and to changes of molecular structure. I t is suggested th a t the leberidocytes absorb water from the food, via the plasma, to increase the blood pressure for moulting and subsequent enlargement of the animal. The filling of the alimentary canal with fluid is associated with this. The possible origin of a moulting hormone is considered.
The integum ent and moult cycle of T egenaria atrica (Araneae)
Introduction
The integument and moult cycle have been described in the decapod Crustacea (Homarus) by Yonge (1932 Yonge ( , 1936 and in the Insecta (Rhodnius) by Wigglesworth (1933 Wigglesworth ( , 1934a . I am indebted to Professor C. M. Yonge for suggesting that the problems of ecdysis should be investigated in the Araneae. Wagner (1888) described the general biology of moulting in spiders and the histology of some organs. He states that the new integument is formed from the upper layers of the hypodermis which cease to stain and become chitinized, and that there is a moulting fluid which disappears several hours before ecdysis. Millot (1926) says that the hypodermal cells secrete the integument and that this consists of three layers. Schlottke (1938) found that the hypodermis has two types of nuclei, differing in their chromatin distribution but without apparent functional distinction. In the hypodermis of the lung vestibule only, he found glandular cells and considered that they form the moulting fluid, as their contents were emptied Vol. 131. B.
[ 6 5 ] 5 at the moult. Wagner (1888), Kollmann (1908) , Millot (1926), and Deevey (1941) have considered changes of the blood cells, and all agree that there is a special type of cell differentiated during moulting activity.
Technique
The moult cycle was investigated in fifth-instar Tegenaria atrica, various points being confirmed from T . durhamii, Lycosa lugubris, L. nigra, and Zilla litterata. Except for general darkening a day or so before moult, spiders show no external changes during the cycle, and there is considerable variation in individual instar lengths (Bonnet 1930) . This variation, and the effect of environmental factors on instar length, was investigated in Tegenaria atrica (Browning 1941) . It was least at 30° C, 8*25 mm. saturation deficiency, and with a continual excess of food, when the average length of the fifth instar was 14*32 days. A number of T. atrica were kept under these conditions for this instar and several fixed each day. Experi mentally, it was found that Susa at 30° C gave the best fixation, and most serial sections were stained according to Hollande's method (Langeron 1925) .
At the same intervals preparations were made of the dorsal cephalothoracic, sternal, and abdominal hypodermis and blood samples taken. Smear preparations of the latter were unsatisfactory. A drop of blood was spread out on a cover-slip by needles and the slip placed over a glass ring cemented to a slide and containing a few drops of 1 % osmic acid. The blood cells were examined immediately and after haematoxylin-eosin staining. The various types were counted. Permanent preparations were made in glycerine jelly to avoid distortion due to shrinkage of the plasma.
The integument (a) Surface structure
The surface of the integument shows sinuous striae, about 1 apart, which really are ridges of the outer layer (figures 1, 3 A). They are much more conspicuous on the abdomen than on the cephalothorax, where they are difficult to detect in sections. On the former there are two types of ridge, every third one being thicker and 1/t in height, the other two about two-thirds of this. There are occa sional anastomoses and the general course is displaced by the hair sockets (figure 1). Wagner (1888) described similar striations, stating that the pattern differed be tween genera and that there were rows of pores between the ridges. These could not be detected, but there were numerous lighter areas in this position on stained preparations (figure 2, l.a.).
The abdomen of spiders increases in volume to a considerable extent after feeding, but there are neither folds of the surface layer nor pleats of the entire wall to allow for this as in Rhodnius (Wigglesworth 1 striae were 2-9/t apart before feeding and 3-3/t after. The abdominal wall must therefore be extensible and actually does not feel rigid like that of the cephalo thorax.
h.s. In all regions, except the anterior surface of the maxillae, the integument con sists of two layers, the outer basophil and the inner acidophil (figures 3, 4). Millot (1926) , staining with haemalum, acid fuschin, metanil yellow, and light green, found three layers and illustrates the outermost as about one-seventh of the total thickness and well defined. This layer could not be detected by any technique, including the above, but the staining reaction of the surface region of the outer layer often varied. For example, with Mallory, the inner layer is blue and the outer red with occasional gradations to yellow at the free edge; but the yellow parts are never sharply delimited. The outer layer has been called exocuticula and the inner endocuticula. The region of the maxillae already mentioned has exocuticula only (figure 5). In Tegenaria atrica the two layers are roughly equal in thickness over most of the animal (table 1 and figures 3 A, C). But in the intersegmental membranes the endocuticula is thickened and the exocuticula reduced ( figure 3B ). These mem branes are found at the base of the spinnerets, form the petiole, and attach the appendages to the cephalothorax. They consist of 0-5 exocuticula and 2-5-7/4 endocuticula, and the latter is thrown into folds which affect the surface of the membrane. This suggests that, relatively, the exocuticula is rigid and the endo cuticula elastic. Actually the rostrum has a much reduced exocuticula ( figure 3D ) and is soft unlike the other mouth-parts. Further, in regions requiring special firmness, the exocuticula is increased, for the fang of the chelicera has endocuticula 2/4 and exocuticula 8/4 thick, and spines and hairs are rigid hollow structures of the exocuticula only. On the other hand, the abdominal integument has both layers in equal proportions (table 1 and figure 3 A), but is extensible and comparatively soft.
The lens of the eyes is integumental with exocuticula 7/4 and endocuticula 50/4 thick (figure 6), the lining of the foregut shows the same layers with exocuticula innermost, and the endosternite consists of endocuticula only.
The relative proportions of the two layers differed between species (table 1). The greatly increased exocuticula of Zilla litterata may be due to its more exposed habitat and to the definitely cubical shape of the abdomen.
In both exocuticula and endocuticula there are horizontal striae, but these are more marked and farther apart in the latter (figure 4). Sinuous vertical striae run through the exocuticula (figure 4, v.s.)and resemble the ' (Wigglesworth 1933), where, however, they are confined to the inner layer of the integument. They did not fill with air when sections were dried and did not stain differently from the exocuticula. They apparently correspond to the light areas seen on the surface of this layer (figure 2). In the region of the maxillae with exocuticula only, much more conspicuous vertical striae, or pores, can be seen (figure 5), even in stained serial sections.
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In unstained preparations the exocuticula is pale brown in general but colourless in the intersegmental membranes, the lens, the tips of the rostrum and labium, the special region of the maxillae, and the whole abdomen (except the spinnerets). The exocuticula of hairs is pigmented everywhere and the endocuticula is always colourless. The exocuticula is also birefringent in general with similar exceptions to those of pigmentation. However, the pigment is not responsible for birefringence, as the exocuticula of the lens, the tip of the labium, and the special region of the maxillae are birefringent although not pigmented. Small scattered patches of the abdominal exocuticula are also birefringent. Birefringence, as well as thickness of exocuticula, seems to be related to the rigidity of the part concerned.
The results of chemical tests (table 2) applied to pieces and sections of the inte gument show that both layers consist of chitin and that the exocuticula is im pregnated with protein as well as its pigment. No differences were found between the integument of the cephalothorax and the abdomen. The same tests were carried out on the integument of Rhodnius for comparison. The chitin test of Campbell (1929) was modified for treatment of thin sections. The material was heated in caustic potash (saturated solution at room tem perature) for 15 min. at 150° C after which serial sections were cut in the usual way. After removal of the wax the sections were treated with iodine and sulphuric acid as the author describes. Both this and tests on large pieces showed that there was chitin in both layers, although the reaction of the exocuticula was less marked than that of the endocuticula when a weaker iodine solution was used. Tetragonal crystals of chitosan sulphate were obtained by the method given in the above paper. The iodine-calcium chloride and iodine-zinc chloride tests (Langeron 1925) did not give the reddish violet colours indicated.
In general, concentrated mineral acids dissolved the endocuticula in the cold and the exocuticula on heating. During the process the endocuticula swells con siderably and the horizontal striations of both layers become more marked. A saturated solution of caustic potash did not dissolve the exocuticula, even after long heating, but rigidity was lost and the surface slightly attacked as the surface ridges became distorted and very faint. At the same time the pigment disappeared and there were refringent droplets in the exocuticula which stained yellow with iodine but did not take up Sudan 3. No reaction was obtained indicating the presence of fats, lipins, or waxes. Mirande found pores full of reduced copper in the integument after treatment with Fehling's reagent, but this was not confirmed. The iso-electric point of the endocuticula, determined by the method employed by Yonge (1932) , was between 5 and 5-6, but the pigment of the exocuticula masked the reaction of this layer.
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H ypodermal moult cycle (a) General
The general features of the formation of the new integument are well seen in the lens where both exocuticula and endocuticula are very thick. In the resting period, from about the third day after moult to the tenth, the exocuticula is the endocuticula 50 y, and the hypodermis 6 in depth (figure 6 A). Then the hypodermis deepens, reaching a maximum of 1 during the 2 days before the moult (12th -14th days of the instar). Shortly after the beginning of this increase the old lens separates from the underlying hypodermis and eye cells, and secretion of the new exocuticula commences. By the fourteenth day this has reached the thickness of the old exocuticula (figure 6B), but it is concave at the lens and plicated else where. It is acidophil and not basophil. Shortly after the moult ( figure 6C ) the new exocuticula of the lens is convex and that of the rest of the integument smooth. Its reaction is now basophil, the hypo dermis has decreased to 11 y ,and a small amount of acidophil been secreted. By the second day after the moult the new endocuticula is 30 thick at the lens and has been almost completely secreted elsewhere ( figure 6D ). The hypodermis is now 8 yt hick. On the third day all the endocu formed and the hypodermis has returned to the resting condition (figure 6A).
(b) The resting
The hypodermis (figures 7, 8 A) is syncytial with finely granular cytoplasm and irregularly placed nuclei. It has an average depth of 6 except in the rostrum where it is 1 5y .There is a well-defined basement membrane separating it from the haemocoele and the cytoplasm is weakly acidophil. Pigment granules, from 0-3 to 2 in diameter and yellow to purple-brown in colour, are present to some extent everywhere. They are usually placed near the integument (figure 8 A, and they, not the integumental pigment as stated by Savory (1928) , give the colour pattern of the animal (figure 7, p.). Large vacuoles (v.) occur irregularl Only the hypodermis of the anterior surfaces of the maxillae and of the corre sponding surfaces of the chelicerae differs from the rest. Here it is about 30y in depth, has finely vacuolated cytoplasm and basal nuclei, no pigment, and is cellular (figure 5). Its position suggests that it is sensory.
H. C. Browning s:
F ig u r e 7. T . atrica, fifth in star. S ternal hypoderm is, 3 days before th e m o u lt (11th d a y of th e instar), x 1000.
Scattered in all parts of the hypodermis are blood cells. These vary in size but are usually about 9 by 12/t in diameter (figures 7, 8A, .). Their cytoplasm has numerous basophil granules ( b . g. ) of 0-5/t diameter and kidney shaped, 6 by 4/t in dimensions. For reasons to be given later, these cells have been called 'old' granulocytes.
(c) Formation of exocuticula Nine days after the previous moult 'new' granulocytes enter the hypodermis from the blood (figures 7, 8B, g" , g".h.). They differ from their granules (a.g.) are slightly larger, refringent, acidophil, and more numerous, packing the cytoplasm. By the eleventh day they are at least as numerous as the old granulocytes, and the granules of the latter are now only weakly basophil, or even weakly acidophil. The hypodermis begins to deepen.
By the twelfth day the hypodermis has reached its maximum depth of 15/i (figure 8C). It becomes weakly basophil and has numerous small vacuoles of basopliil secretion ( vI t is separated from the old integument by flui and a space ( i . s . ) . New exocuticula begins to be secreted as a continuous acid layer (ex".) and, in suitable preparations, the surface ridges can be seen from the beginning. At the same time the new granulocytes have enlarged to about 17 by 13/i and their nuclei to 7-5 by 5/i. Their granules lose definition and in their places appear large vacuoles, full of acidophil secretion .). Secretion of the new exocuticula continues until the next moult by which time it is fully formed ( figure 8D ). It is not birefringent nor pigmented. During this time the vacuoles in the new granulocytes become more numerous but smaller (i g ".v' .), while their nuclei decrease in size to about 7 by 4 and the nucleoplasm becomes more chromatic. The small vacuoles of basophil secretion (vf.) in the hypodermis also increase in number, especially near the new exocuticula. .) is covered by a thin layer of ecdysial fluid (e.f.) which contains small vacuoles or hyaline inclusions (e'.f'.). This fluid diminishes in amount, and its inclusions in number towards the moult and an emerging spider is quite dry. There is also a space between the old and new integument (i.s.), but possibly this is an artefact, as there does not appear to be air between the integuments in the living animal.
As the integument becomes free the old granulocytes pass from the hypodermis on to it and are found in the ecdysial fluid ( figure 8C, D, g'.) . Their granules are gradually replaced by acidophil vacuoles (a.v.) of slightly larger size and the nucleoplasm becomes more chromatic. Degenerative changes are visible in some of the cells and their nuclei.
During these processes the inner edge of the endocuticula (en'.e.) becomes uneven and small splits ( e n ' . s . )a ppear in it. This, and the fact that the cuticula of the lens is appreciably thinner just before moult (figure 6B, suggests that there is slight digestion of the old endocuticula by the fluid.
(e) Formation of endocuticula A few hours after the moult ( figure 8E ) the exocuticula has become basophil and birefringent and a very thin layer of acidophil endocuticula (en".) has been secreted. This change of the exocuticula is not due to contact with the air as exocuticulous hairs and hair sockets often show this staining reaction and bire fringence before the moult. The integument as a whole is still soft but hardens during the first 12 hr. The hypodermis has decreased to 10 is only very weakly basophil, and has very few secretory vacuoles (v'.). The new granulocytes are smaller (14 by 10 / c ) ,and their cytoplasm has only a few empty vacuoles (g and some small granules (r.g.). Their nuclei have returned to normal.
By the second day ( figure 8F ) almost all the endocuticula has been secreted and the hypodermis is j ui n depth, weakly acidophil, and has no vacuoles of s The blood cells (g". ) have no vacuoles but numerous small granules (r.g.) and decreased to the pre-moult size. By the third day all the endocuticula has been formed, the hypodermis is in the resting stage, and the granules of the blood cells are basophil ( figure 8A ). These cells are now the 'old' granulocytes of the resting hypodermis. The pigment of the exocuticula develops during the first 3 days after the moult and has now reached its maximum depth. Schlottke (1938) states that there are glandular cells in the hypodermis of the lung vestibule only. From his description and figures these are evidently granulo cytes, and their scattered occurrence (figure 7) account for the fact that this author did not find them in other regions.
(/) Nuclear changes In the resting state (figure 8 A) the nuclei of the hypodermis are about 6 by 4/t, usually oval but sometimes round. They have a well-defined nuclear membrane and a number of irregular chromatin masses, of an average diameter of As stated by Schlottke (1938) more chromatic nucleoplasm. These differences appear to have no significance and all intermediary stages can be seen.
During moulting activity changes of nuclear size lag slightly behind those of the hypodermis. The nuclei do not enlarge with the initial deepening of the latter but, by the time a little new exocuticula has been secreted, they have grown to about 7 by 5 y( figure 8C ). They remain thus throughout the formation of th exocuticula and of most of the endocuticula (figures 8 D, E) . By the second day of the new instar, when almost all the endocuticula has been secreted, they have decreased to about 6-5 by 4-5/6 (figure 8F). On the third day they are normal.
During the instar there is a definite cycle of increase and decrease of nuclear chromatin, giving a maximum immediately before the secretion of new exocuticula and a minimum just after the moult. On the first day of the instar, each nucleus has three or four chromatin masses ( figure 9 A, c.m.) , and the nuclear membrane has a number of slight chromatic swellings ( From the second to the fourth day the number of chromatin masses increases by two or three and the swellings of the membrane enlarge (figure 9 B, C). By the fifth or sixth days the peripheral swellings (figure 9 D, c.s''.) have reached the size of the free masses. They begin to be detached ( c . m' .) to form new chromatin masses, and the nuclear membr temporarily, has no swellings. Nuclei in all stages of the process can be seen at this time (figure 9 D, n'., n" ., n'".). Consequently, by the seventh day (fig the nuclei have from nine to twelve chromatin masses. During the next 5 days the process is repeated so that by the twelfth day each nucleus has from nine to fifteen masses (figure 9 F). From this time to the moult new exocuticula is being secreted, and the number of free masses decreases to that found immediately after the moult ( figure 9G ).
Occasional mitoses were seen throughout the instar, but there was no simul taneous mitotic activity of even a number of nuclei at any time.
Blood-cell moult cycle (a) Types of blood cell
There are three main types of blood cell-granulocytes, leucocytes, and leberidocytes. In the resting stage there are about 28 % of the first type and 72 % of the second. Leberidocytes are only found during moulting activity. Figures 10 and 11 show twenty representative cells in the resting stage and immediately after the moult.
The granulocytes (g.) are round or oval, vary in diameter from 10 to 20/6, and usually have an oval or kidney-shaped nucleus. The cytoplasm may emit needle like pseudopodia and, apart from these, is packed with refringent uniform granules of 0-5/6 diameter. In any blood sample the granules of some cells take up eosin, others stain from light to dark brown with osmic acid, and some do not stain at all. The granulocytes are formed from small leucocytes which may be seen with a few to many of the typical granules.
The leucocytes (l, V. ) are round or oval with a round nucleu cytoplasm. They vary in size from those consisting of nucleus and a very thin layer of cytoplasm to those 20//, in diameter. Some of the largest differ in that their cytoplasm is basophil and markedly granular. They may emit short club-shaped pseudopodia. There are three subtypes. The first has no inclusions in the cytoplasm and forms two-thirds of the total number. The second has two or three inclusions in the cytoplasm; these are refringent, osmophil, and about 2 //in dia meter, although showing much variation in size. This subtype only occurs occasion ally and then in very small numbers. The third ( has hyaline non-staining H. C. Browning inclusions or vacuoles varying from 0 5 to 3// in diameter, and such cells may have anything from a few to numerous inclusions. About a third of the leucocytes belong to this subtype. In general, inclusions tend to occur mainly in the larger leucocytes.
The leberidocytes (figure 11) develop from leucocytes of about 12// diameter which have no inclusions. Their cytoplasm becomes very hyaline, and a number of refringent granules of varying size (0-25-1-5//) appear in it (lb'.). These do not take up any stains but are always slightly osmophil. One, or sometimes two, small vacuoles, without staining contents, appear and gradually increase in size (lb"., lb"'.). Finally, the cell consists of one large vacuole surrounded by a thin layer of cytoplasm with the nucleus, oval and flattened, occupying one pole The cell has increased to 25 or 30// in diameter and the nucleus from 7 by 6//. to 10 by 6//. The inclusions are unaltered throughout. The vacuole contains fluid and, when the differentiated cells are mounted in water, it enlarges further and the cell bursts. The leberidocytes regress to leucocytes by the reversal of the above processes.
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(b) Variation of the cell formula
Blood samples were taken daily through the fifth instar and the various types of cell counted (table 3) . The granulocytes form only 10 % of the total immediately after the moult but, by the eighth day, they have increased to 32 %. Probably most of this increase is due to differentiation from leucocytes but, as the hypodermal blood cells are never as numerous just after the moult as just before it (figure 8), some may re-enter the haemocoele in the first few days of the instar. Prom the tenth day onwards new granulocytes are entering the hypodermis and the free granulocytes have decreased to 22 % by the twelfth day when secretion of exocuticula commences. The figures suggest that they continue to enter the hypodermis during the latter process. The leberidocytes are not present at all from the fifth to the ninth day, and there is only a very small percentage on the fourth and tenth days, but evidently their period of activity is slightly longer than that of the hypodermis. The percentage increases to 40 % just before the moult (fourteenth day) and to 63 % just after the moult. It then steadily decreases until all the leberidocytes have regressed to leucocytes.
H. C. Browning
The leucocyte percentage varies in accordance with the origin and regression of the leberidocytes and differentiation of granulocytes.
Figures 12 and 13 are drawings of actual sagittal sections of the cephalothorax of T. atrica, during the resting stage and just after the moult respectively. Any differences other than those of the blood cells or midgut caecum are due to slight differences of plane. In the resting stage the blood spaces ( .) have cells either in small groups or widely separated, but in the post-moult stage all blood spaces are packed with cells, mainly leberidocytes. This is due to the change of cell formula, for the greater number (299) of cells in figure 13 than in figure 12 (188) is easily accounted for by the fact that a section will pass through more cell walls when the cells are larger (if the diameter of a cell is doubled the volume will be increased by eight times). Further, while occasional mitoses were seen in the blood cells during the instar, no general mitotic activity took place.
(c) Blood cells in other spiders
The blood cells and changes of the formula have been described in Tarantula (Wagner 1888), in Tegenaria atrica (Kollmann 1908) , in Amaurobius similis and other species (Millot 1926) , and in Phormictopus cancerides (Deevey 1941)-The three main types of cell were found by all authors. Their synonyms and special types found in addition are listed in table 4. In regard to the special types only Wagner mentions 'balloons' which he does not describe in detail. Plasma artefacts occur which would justify this description. Kollmann considered that the nephrocytes of the cephalothorax (see figures 12, 13) became free and formed leberidocytes at the time of moulting, calling them 
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'supplementary cells'. However, the two types of cell differ considerably, there are no transition stages, and there is no mitotic activity of the nephrocytes during an instar, although they are far less numerous than the leberidocytes. Millot, dealing with species other than Tegenaria atrica, also disagreed with Kollmann for similar reasons. Cuenot (1891, 1897) and Millot found cells with protein crystals, but the latter author states that they were never numerous and that they only occur in some species.
H. C. Browning Deevey found cells containing basophil crescent-shaped granules and £ cyst ' cells which appear to be peculiar to Phormictopus. She divides the granulocytes into chromophobes, eosinophils, and weak eosinophils, the names referring to the inclusions. As this author states that there may be more than one type of granule in the same cell, and as all three types occur in any blood sample, they appear to be stages in the differentiation of one type only. Deevey proposed the name ' leberidocyte ' for the type of cell only appearing in relation to moulting, as such cells in Phormictopus do not have a vacuole but numerous chromophobic inclusions and a few refringent granules.
All authors agree that the leberidocytes greatly increase at the time of the moult. Wagner and Kollmann considered that some leberidocytes were always present in the blood, and the latter that these were unimportant, the increase being due to the nephrocytes. This was probably due to lack of accurate information of the position of the spider in the moult cycle. Millot found that there were none in the resting stage, and that they formed 90 % of the total from the time of the moult to 20 hr. after it. This very high percentage may have been an injury effect, as successive blood samples were taken from the same animal. Deevey did not make determinations at very close intervals of time, but her figures indicate that the highest percentage (47 %) is reached at the moult and sustained for a short time after it. She found no leberidocytes in the resting stage, and noticed that the granulocytes increased during this time and decreased during the differentiation of the leberidocytes although, as the author points out, certainly not forming them.
Alimentary canal and moult cycle
Tegenaria atrica will eat four Drosojphila melanogaster each day for the first 10 days of the fifth instar (Browning 1941) . The abdomen enlarges considerably. From this time until the second day after moulting the spider will not feed and, during the last 4 days of the instar, the abdomen decreases in volume to some extent.
The essential parts of the alimentary canal are the ectodermal sucking stomach (figures 12, 13, s.s.) leading into the midgut (mg.) from which a large num digestive diverticula arise. A pair of these, which joint anteriorly .)and branch, are found in the cephalothorax, although the majority occupy the abdomen. During the last 4 days before the moult (10th -14th days of the instar), all food in the lumen of the diverticula is absorbed by the cells lining them. These cells then secrete an acidophil fluid ( figure 13, a.f.) which fills all the diverticula, and some times the stomach and midgut itself, in the first few hours after the moult. It is at this time that the leberidocytes reach their maximum development and all blood spaces are packed with them ( figure 13 ). This fluid is resorbed in the following 24 hr. and the animal will once more feed.
D iscussion
The integument consists of two layers, exocuticula and endocuticula, the former being secreted before the moult and the latter after it. Both contain chitin, but the exocuticula is usually pigmented and birefringent and is impregnated with protein. The thickness of this layer and its molecular arrangement are responsible for the varying hardness of the different regions of the integument.
The chitin is secreted by the hypodermis as the latter shows activity throughout the formation of both layers. Blood cells-the granulocytes-enter the hypodermis and show secretory activity during the formation of the exocuticula and, evidently, bring the impregnating substances. However, the pigment does not come from this source as it is not developed until after the moult. These cells cannot, as Schlottke (1938) supposes, secrete ecdysial fluid, as they are in full activity while this is disappearing.
The granulocytes, for the most part, remain in the hypodermis after their activity has finished and reform granules which are basophil, not acidophil. At the next moult they migrate on to the old integument, when this is freed from the hypodermis, and a new generation of granulocytes takes their place. Very little digestion of the old integument occurs, but there is an ecdysial fluid. This appears to be secreted by the hypodermis as, although the granules of the blood cells on the old integument are replaced by vacuoles, this change takes place after the fluid has appeared.
Pryor (1940 a, b) states that a dihydroxy phenol and a protein are secreted into insect integument and are responsible for its hardening. Millot (1926) thought that the granules of the granulocytes were albuminoid and were capable of association with fats and lipins; and Deevey (1941) found some indications of phenols in the eosinophil granulocytes, i.e. the granulocytes which enter the hypodermis. Millot & Jonnart (1933) also found free 'phenol bodies' in the blood in connexion with moulting. Further, Bonnet (1930) found that, in wound regeneration, granu locytes accumulate at the site of injury and are transformed into integument. He does not state if the two normal layers are differentiated.
On the other hand, Fraenkel & Rudall (1940) have explained the hardening of the integument in the pupation of Sarcophaga falcula orientation of chitin crystallites and their binding by impregnating proteins. It is suggested that the process of hardening of the exocuticula of Tegenaria atrica is similar, for definite, as opposed to random, molecular arrangement takes place in this layer after moult, giving birefringence. This is not conditional upon exposure to air, as hairs and their sockets often show the change before moult, and a change of impregnating proteins would explain the altered reaction to stains after moult. Regions of the integument that remain soft show no molecular arrangement and the latter is independent of pigmentation.
The two layers of the integument resemble the impregnated and non-impregnated endocuticle of Rhodnius (Wigglesworth 1933) . Here variation in hardness is accomplished by the presence or absence of impregnation rather than by relative thickness, but there is no evidence regarding molecular arrangement. There is no layer corresponding chemically to the cuticle of Homarus (Yonge 1932) or to the epicuticle of Rhodnius but, presumably, the exocuticula serves the functions of these, at least in regard to permeability or desiccation. The only point of similarity between Tegenaria and Homarus is in the migration of the 'old' granulocytes on to the old integument, for Yonge found nuclei concerned in the digestion of this in the crustacean. He did not investigate their origin. In Tegenaria their main function may be excretion. In Limulus, the only other arachnid that has been investigated (Yonge, unpublished) , the integument is similar to that of Homarus. This and the resemblance of Tegenaria to Rhodnius may be examples of convergent evolution in different groups occupying the same habitat, while having the same basic structure to limit their possible adaptations.
Wagner (1888) considered that the leberidocytes were a stage in the proliferation of the other blood cells, stating that after the moult they divide and form granu locytes and leucocytes. Apart from the extreme improbability of a highly differ entiated cell giving rise to a less differentiated type, such divisions were never seen. Deevey (1941) suggests that the leberidocytes are concerned in chitin secretion as they contain glycogen, and there is some evidence that this substance is one of the raw materials in its formation (Paul & Sharpe 1919; Needham 1929, etc.) . It seems unlikely that these cells could be transporting glycogen to the hypodermis, as most of them are not in contact with it (figure 13). But Deevey also found glycogen in all the cell types at moult, although to a lesser degree than in the leberidocytes, and it seems more probable that glycogen is present in the plasma itself and is thus reaching the hypodermis.
An arthropod, must have some means of increasing its internal pressure for the process of moulting and for growth before the new integument hardens. Insects usually use either air or fluid in the gut. For instance, Cimex shifts the intestinal contents from place to place and takes in bubbles of air (Kemper 1931) ; the sole function of the gut of adult Ephemeroptera and many Lepidoptera is to take in air for moulting (Wigglesworth 19346) ; aquatic insects swallow water, and Calliophora expands on emergence by air intake (Wigglesworth 1939). In decapod Crustacea there is considerable absorption of water at the moult (Paul & Sharpe 1919; Robertson 1937) , apparently for the same purpose. These methods are not available to spiders, for, at least under experimental conditions, they do not drink, and the gut has no chitin-lined extensible crop, food being stored in the cellular digestive diverticula. It is suggested that the leberidocytes develop by absorbing water from the plasma. This water originates in the food taken into the alimentary canal in the period before the moult, and by this means the total volume of blood is increased, the plasma remaining physiologically constant. This increased volume of blood will facilitate pressure effects by muscular contractions of the body wall, enabling these effects to be applied regionally for moulting. In this way would be invoked a mechanical principle somewhat similar to that operating in insects where, however, increased blood pressure can be obtained by inflation of part of the alimentary canal, whose structure permits this. This view is supported by the fact that the maximum development of leberidocytes is just after the moult, and that instar length and the amount of food required to complete an instar are both increased at low humidities (Browning 1941) .
Wagner (1888) suggested that there must be an agent causing the general periodic changes of moulting. The biology of an instar of Tegenaria atrica indicates the release of a hormone dependent on the dilatation of the abdomen by food (Browning 1941) . The time of its release would be before the differentiation of any leberidocytes. Bruntz (1904) and Millot (1930) found that the nephrocytes consist of two types of cell, one binucleate and about 40// in diameter, the other uni nucleate, much smaller, and with denser cytoplasm. Millot (1930) found no evidence that the latter were excretory and called them 'endocrine cells'. But neither type shows any rhythmic activity in relation to moult, as Millot admits, and it appears more likely that the so-called endocrine cells are young stages of the nephrocytes proper, especially as intermediary forms can be seen. Millot (1926) found no changes of the pH of the plasma corresponding to leberidocyte differentiation. Experiments on the injection of the blood of moulting spiders into non-moulting animals, both by Millot (1926) and Deevey (1941), gave negative results.
There are several sympathetic ganglia in the cephalothorax of spiders whose function is unknown (Gerhardt & Kastner 1937) . The stomodaeal bridge in par ticular resembles the corpora allata of insects, which have been shown to secrete hormones (Wigglesworth 1934a; Burtt 1937) . However, no histological evidence of secretion could be obtained and, in any case, this would not be conclusive without experimental evidence. The delicacy of spiders makes it difficult, if not impossible, to perform suitable grafting experiments, and the great variation in instar length (Bonnet 1930; Browning 1941) may be responsible for the lack of positive results in the experiments of Millot and Deevey, especially in the small numbers of animals that they used.
